Positive psychology interventions (PPIs) to increase subjective well-being (SWB) and decrease depressive symptoms are becoming increasingly popular ([@bib0160]). In particular, the exercises outlined in Seligman, Steen, Park and Peterson\'s seminal paper (2005) have enjoyed considerable popularity, and it has been suggested to use these interventions more widely ([@bib0125], [@bib0130], [@bib0150]). However, the current evidence base for the effects of PPIs is mixed, with effect sizes ranging from substantial ([@bib0155]) to negligible ([@bib0095]). In addition, the effects of PPIs if used on a large scale ([@bib0025], [@bib0030]), the general validity of claims in some domains of positive psychology ([@bib0020]) and general concepts ([@bib0055]) warrant more stringent studies and critical examination of PPIs. In order to inform evidence-based practice in the use of PPIs as self-help tools or even clinical practice, more and better-controlled trials of the effects of PPIs are needed. In this paper, we provide a first-ever evaluation of individual-level effects of PPIs.

Between-groups and N-of-1 studies of subjective well-being {#sec0005}
==========================================================

Previous studies of the effects of PPIs ([@bib0095], [@bib0155], [@bib0150]) have examined between-group differences in SWB. For example, compared to a control group, participants completing a *Three Good Things* exercise had significantly higher levels of happiness and significantly lower levels of depression over time ([@bib0155]). However, even if between-groups tests of effects support one intervention over a control condition or another intervention, there might be substantial variance within each intervention group, and participants might not all equally profit from, or respond to, each intervention ([@bib0100], [@bib0105]). In other words, patterns found in between-group comparisons might not be observed at the level of individuals ([@bib0090]). To address this, it has been suggested that research rather focus on individual changes in SWB to evaluate positive psychology interventions ([@bib0050]).

N-of-1-designs have advantages over between-groups designs. N-of-1 designs allow the examination of individual change in SWB, which means that recognizable clinical changes are emphasized ([@bib0005]). Furthermore, the delivery mode of the interventions captures some aspects of typical clinical interactions, namely the personalized delivery and the continued interaction with the experimenter. Similarly, N-of-1 designs are the preferable option when studying the effects of interventions that need repeated application such as the PPIs, which had to be applied on a daily basis. A common misconception regarding n-of-1 study designs is that only one subject is used in each study; more commonly multiple subjects are used to emphasize the strength and replicability of the intervention ([@bib0185]). In this study, each participant received multiple interventions, which were applied in counterbalanced order.

Increasing subjective well-being. Implications of PPIs {#sec0010}
======================================================

[@bib0155] used an internet-based study to examine the effect of five "happiness exercises" on happiness and depression over a six-month period. The five exercises were based on Authentic Happiness Theory ([@bib0145]), which proposes that happiness can be increased by exercises that foster enjoyment, meaning, and engagement. These PPIs required participants to identify character strengths that defined themselves (*Identifying Signature Strengths*), to use these personal strengths in a novel way (*Using Signature Strengths in A New Way*), to focus on three good things that happened each day (*Three Good Things in Life*), to visit someone who had been kind to the participant, with the purpose of delivering, in person, a letter of appreciation (*Gratitude Visit*), or to write about a time when they were at their best and to reflect on the signature strengths that were highlighted by the description (*You At Your Best*). In particular, the two interventions *Using Signature Strengths in A New Way* and *Three Good Things in Life* were associated with increases in happiness and decreases in depression up to six months later. Similar results were reported in two smaller face-to-face studies ([@bib0150]). A replication of the original study found substantially smaller effect sizes ([@bib0095]). These inconsistencies suggest that further research is needed, and as the application of PPIs grows, and treatment programs are developed ([@bib0130]), it is essential to validate the efficacy of the techniques on which such therapy programs are based.

Measuring subjective well-being on a daily basis {#sec0015}
================================================

The primary dependent variable in this study was the *affective* aspect of SWB as measured with the Positive and Negative Affect Schedule (PANAS; [@bib0190]). SWB is a key component of happiness ([@bib0075]); in fact, the terms are often used interchangeably ([@bib0040]). Although the outcome measure in this study was restricted to the affective component of subjective well-being, this is not a significant limitation. Many authors have argued that positive affect is the central component of happiness (e.g., [@bib0045]), and others have asserted that happiness consists of a long-term propensity to frequently experience positive emotions ([@bib0080]), and it has been shown that experiencing negative affect conversely is related to lower levels of happiness ([@bib0110]).

The aim in this study was to determine whether the widely used PPIs proposed by [@bib0155] improve subjective well-being at the individual level, where clinical and practical implications are more clearly recognized.

Method {#sec0020}
======

Participants and procedure {#sec0025}
--------------------------

This study was approved by the Tasmanian Human Research Ethics Committee (Approval No. H0011792). Recruitment was via a newspaper advertisement for a "Happiness Training Program". Inclusion criteria were being over 18 years of age and not being depressed, indicated by a score of above seven on the Hamilton Rating Scale for Depression (HRSD; [@bib0070]). At the outset of the study each participant was asked to provide basic demographic information and to complete a 60-minute semi-structured interview. Participants' mean age was 45.8 years (*SD* = 11.77) and ranged from 23 to 62 years. The majority of participants (73.3%) were women. After providing consent, participants were allocated to one of the six counterbalanced patterns of interventions ([Table 1](#tbl0005){ref-type="table"}). Participants were sent one diary per week according to the intervention in their schedule. The diaries contained instructions on the particular intervention. At the end of each day, participants were required to complete the PANAS.Table 1Participant characteristics and individual PANAS scores on intervention and control days.ParticipantAgeSexAffect balance score (*SD*)Positive Affect (*SD*)Negative Affect (*SD*)BSTGTSBSTGTSBSTGTS136F3.85 (0.20)3.73 (0.18)3.73 (0.11)3.84 (0.35)2.79 (0.43)2.60 (0.25)2.59 (0.19)2.81 (0.49)1.08 (0.10)1.14 (0.19)1.13 (0.13)1.14 (0.24)256F3.23 (0.39)3.17 (0.54)3.50 (0.37)3.25 (0.50)2.01 (0.58)2.25 (0.62)2.48 (0.62)2.19 (0.48)1.55 (0.53)1.91 (0.69)1.47 (0.25)1.69 (0.72)351M4.30 (0.24)3.93 (0.71)4.26 (0.30)4.35 (0.09)4.23 (0.33)3.80 (0.27)3.43 (0.72)3.60 (0.58)3.74 (0.13)3.73 (0.38)1.20 (0.24)1.57 (0.74)1.07 (0.13)1.27 (0.48)448F3.78 (0.46)3.95 (0.28)4.08 (0.28)3.66 (0.36)3.92 (0.28)2.86 (0.76)3.15 (0.41)3.36 (0.45)2.83 (0.46)3.05 (0.42)1.31 (0.25)1.25 (0.27)1.19 (0.19)1.51 (0.37)1.21 (0.23)523F3.56 (0.31)3.39 (0.23)3.03 (0.14)3.43 (0.36)3.45 (0.24)2.18 (0.57)1.89 (0.45)1.23 (0.15)1.92 (0.66)1.97 (0.46)1.06 (0.13)1.11 (0.12)1.17 (0.16)1.05 (0.08)1.07 (0.07)628M3.32 (0.24)3.30 (0.18)3.28 (0.23)3.44 (0.26)1.91 (0.38)1.90 (0.28)1.90 (0.34)2.05 (0.47)1.26 (0.12)1.30 (0.16)1.34 (0.20)1.16 (0.12)746F3.41 (0.82)3.90 (0.65)3.50 (0.76)3.26 (0.65)3.23 (0.62)3.21 (1.05)3.61 (0.95)3.44 (0.94)3.41 (0.87)3.09 (0.80)2.39 (0.89)1.81 (0.63)2.44 (0.82)2.89 (0.81)2.62 (0.92)837F3.24 (0.22)3.11 (0.12)3.15 (0.18)3.33 (0.14)3.28 (0.14)1.54 (0.44)1.32 (0.31)1.41 (0.29)1.65 (0.27)1.59 (0.26)1.07 (0.11)1.09 (0.14)1.12 (0.17)1.00 (0)1.03 (0.07)946M3.76 (0.60)3.92 (0.48)3.80 (0.38)3.91 (0.45)3.64 (0.46).3.03 (0.81)3.12 (0.85)2.80 (0.76)3.14 (0.56)2.80 (0.65)1.50 (0.46)1.29 (0.29)1.19 (0.25)1.32 (0.44)1.52 (0.39)1054F3.61 (0.43)3.39 (0.49)3.28 (0.49)3.36 (0.46)3.54 (0.48)2.73 (0.76)2.39 (0.79)2.36 (0.67)2.29 (0.67)2.59 (0.73)1.51 (0.35)1.61 (0.33)1.79 (0.58)1.56 (0.36)1.51 (0.33)1155M3.99 (0.13)4.01 (0.06)4.02 (0.08)3.92 (0.14)3.98 (0.11)3.02 (0.23)3.03 (0.10)3.05 (0.15)2.97 (0.21)2.99 (0.18)1.03 (0.10)1.01 (0.05)1.01 (0.03)1.13 (0.12)1.03 (0.07)1234F3.75 (0.35)3.98 (0.33)3.99 (0.24)3.69 (0.40)2.79 (0.56)3.15 (0.55)3.19 (0.43)2.65 (0.55)1.29 (0.34)1.18 (0.23)1.20 (0.26)1.28 (0.32)1360F3.36 (0.75)3.70 (0.45)3.65 (0.42)3.69 (0.57)2.44 (0.95)2.75 (1.01)2.56 (0.93)2.53 (1.07)1.67 (0.73)1.36 (0.37)1.26 (0.25)1.14 (0.21)1462M4.13 (0.16)4.09 (0.11)3.99 (0.14)4.08 (0.08)3.33 (0.32)3.24 (0.16)3.16 (0.17)3.19 (0.16)1.06 (0.09)1.06 (0.14)1.18 (0.20)1.04 (0.05)1552M3.88 (0.52)4.06 (0.46)3.94 (0.43)4.18 (0.56)3.93 (0.28)3.37 (0.70)3.45 (0.61)3.21 (0.59)3.76 (0.79)2.94 (0.52)1.60 (0.48)1.32 (0.33)1.33 (0.40)1.39 (0.36)1.06 (0.11)[^1]

Power analysis {#sec0030}
--------------

A power analysis based on [@bib0135] recommendations for cluster-randomised trials using Optimal Design ([@bib0175]) suggested that 12 sites (persons) with more than 64 units (days) are sufficient to detect small to medium-sized effects (δ = .29; ([@bib0160])) of the interventions (clusters) on individual (daily) measures with sufficient power (.8) at an alpha level of .05.

Measures {#sec0035}
--------

The PANAS ([@bib0190]) was used to measure the primary outcome, the affective facet of subjective well-being. Neither the AHI nor the CES-D used in the original study were designed for repeated daily use, whereas the PANAS is sensitive to short-term fluctuations in the affective component of subjective well-being (e.g., [@bib0015]) and therefore more suitable for use in the current N-of-1 design. In the PANAS, respondents rate the extent to which they have experienced feelings and emotions such as "scared", "inspired" and "hostile" every day using a 5-point scale from "very slightly or not at all" to "extremely". Three scores were computed: A positive affect (PA) score, which is the mean score of the 10 positive emotion adjectives; a negative affect (NA) score, which is the mean score of the 10 negative emotion adjectives; and an affect balance score, calculated by subtracting the negative from the positive affect scores. As there is evidence that PA and NA are relatively independent dimensions, we considered PA and NA separately as well as examining the affect balance score ([@bib0035], [@bib0180]).

Research design {#sec0040}
---------------

This study used a counterbalanced N-of-1 design. Counterbalancing was achieved by having participants complete a predetermined sequence of interventions in the first half of the study and then complete the reverse sequence of the same interventions in the second half of the study ([@bib0185]). The particular ordering of interventions is shown in [Table 1](#tbl0005){ref-type="table"}. Participants were randomly allocated to one of the six counterbalanced patterns of interventions.

Interventions {#sec0045}
-------------

Three of the six PPIs used by [@bib0155] were used in this study.

*Gratitude visit:* Participants were asked to write and deliver personally a letter of appreciation to someone who had been kind to them, but who they had never properly thanked.

*Three good things in life*: Participants were instructed to write down three good things that happened each day, together with a causal explanation for each of these things.

*Using signature strengths in a new way:* After completing the Inventory of Character Strengths ([@bib0115]) at the beginning of the program and receiving their top five signature strengths, participants were asked to use one of these five over the week, in a new way for each day of the week.

Based on previous recommendations ([@bib0155]), we also tested a combination of the *Three Good Things in Life* and *Using Signature Strengths in a New Way* exercises, in which participants were asked to complete both exercises.

The control condition consisted of a week with daily affect assessments only.

Statistical analyses {#sec0050}
--------------------

In order to account for the hierarchical structure of the data (daily measurements nested within participants), multilevel analyses were performed using the lme4 package for R ([@bib0010]). Multilevel analyses allow decomposing the variance of the dependent variables (repeated daily assessments of affect balance scores, PA score and NA score) into within- and between-person variance. The proportion of the total variance in PANAS scores accounted for by between-person (level-2) variance is represented by the intraclass correlation coefficient (ICC). Substantial ICCs (\> .05) indicate that the data is structured in multiple levels ([@bib0170]).

Both the affect balance score and the PA and NA subscores (level-1 dependent variable) can be decomposed as follows:$$\text{Y}_{\text{ti}} = \pi_{\text{0i}} + \pi_{\text{1i}}TIME_{\text{ti}} + \pi_{\text{2i}}PPI_{\text{ti}} + \pi_{\text{3i}}TIME \times PPI_{\text{ti}} + e_{\text{ti}}$$

Here, *Y*~*ti*~ represents a PANAS score of a measurement occasion *t* (level-1) within the level-2-unit (participant) *i*. *Y*~*ti*~ is regressed on the level-1-variables *TIME*~*ti*~ (time indicated by study day), *PPI*~ti~ (dummy-coded intervention group), and the interaction of time and intervention group *TIME\*PPI*~ti~ with the regression coefficients *π*~1i~, *π*~2i~, and *π*~3i~ and a level-1 residual e~ti~.

On level 2 (participant), both the intercept and the regression coefficients can be decomposed into mean levels and individual differences from this mean:$$\pi_{\text{0i}} = \beta_{00} + \text{r}_{\text{0i}}\,\text{and}\,\pi_{\text{ni}} = \beta_{\text{n0}} + \text{r}_{\text{ni}}$$

This implies that the mean intercept π~0i~ (across all participants) can be decomposed into a mean intercept β~00~ on level-2 and individual differences from this mean r~0i~. Similarly, for all regression coefficients on level-1, π~*n*i~, a mean coefficient β~*n*0~, and individual differences from this mean coefficient r~*n*i~, can be estimated to account for individual differences between participants.

The level-1-predictors (time, intervention, time x intervention) were group-mean-centered. First, a null model containing the intercept only was analyzed to test for substantial ICCs of the primary outcome variables (affect balance score, PA score, and NA score). Second, a model using all level-1 predictors but ignoring the multilevel structure was fitted to obtain a baseline model. Thirdly, a model with random intercepts was used to examine whether there were differences in the intercepts of the level-1 outcome variables according to the level-2 units (in our case, basically whether there were between-individuals differences in the within-individual means of the outcome variables). Fourth, we examined whether the effects of the interventions differed between persons in a random slopes model in which we allowed the slopes of the intervention in predicting the outcomes to vary between persons. The difference in fit between model 2 (ignoring the multilevel structure), random intercepts and random slopes models was tested using the--2 Log-likelihood (--2LL) test ([@bib0170]). The study was not powered to detect cross-level interactions. This process of analysis was analogously repeated for all primary outcome variables (affect balance score, PA score and NA score).

Results {#sec0055}
=======

The intraclass correlation coefficients of all outcomes (affect balance score ICC, ρ = .36; PA ICC, ρ = .50; NA ICC, ρ = .42) suggested that a substantial part of the variance in level-1 dependent variables is due to level-2 (individual person) units, and that the multilevel structure of the data cannot be ignored ([@bib0170]). We subsequently analyzed the outcomes as outlined above.

Affect balance score {#sec0060}
--------------------

Model 2 ([Table 2](#tbl0010){ref-type="table"}) found no significant effects of time, intervention, and time x intervention. Although the -2LL test suggested a significantly better fit for the random intercepts model (Model 3), (Δ~-2LL~ = 287.67, df = 1*, p *\< .01), indicating that there are substantial individual differences in the mean level of affect balance, patterns of results did not change. The -2LL test suggested a significantly better fit of the random slopes model where the slopes of the intervention were allowed to vary between participants (Model 4; Δ~-2LL~ = 6.48, df = 1*, p *\< .05). The residual variance of the slopes however only approached significance.Table 2Fixed effects estimates (top) and random effects estimates (bottom) for affect balance score.Parameter Estimate (SE)ParameterModel 1Model 2Model 3Model 4Intercept3.69 (.08)3.65 (.05)3.68 (.09)3.68 (.09)Level-1 (measurement occasion)Time (study day).0002 (.001)-.0002 (.001)-.0002 (.001)S-.07 (.10)-.07 (.08)-.07 (.09)G.03 (.15)-.04 (.13)-.04 (.15)T-.05 (.10)-.06 (.09)-.07 (.09)TS-.002 (.10)-.01 (.08)-.02 (.09)S × time.004 (.002).003 (.002).004 (.002)^†^G × time.0002 (.005).002 (.004).002 (.005)T × time.002 (.003).003 (.002).003 (.002)TS × Time.001 (.003).001 (.002).001 (.002)Intercept (σ^2^).096\*\*.096\*\*.094\*Slope Intervention (σ^2^).01^†^-2LL (*df*)1315.02~a~ (11)1027.35~b~ (12)1020.87~c~ (13)[^2]

Positive affect {#sec0065}
---------------

Model 2 ([Table 3](#tbl0015){ref-type="table"}) found no significant effects of time, or intervention on PA. However, a significant effect for the interaction term of time and Using Signature Strengths in a New Way was found. The -2LL test suggested a significantly better fit for the random intercepts model (Model 3), (Δ~-2LL~ = 459.74, df = 1*, p *\< .01). Allowing for random intercepts, the effect of time within the Using Signature Strengths in a New Way intervention was significant at B = .01 *p *\< .05. [Figure 1](#fig0005){ref-type="fig"} illustrates the differential changes between interventions over time.Table 3Fixed effects estimates (top) and random effects estimates (bottom) for PANAS positive affect score.Parameter Estimate (SE)ParameterModel 1Model 2Model 3Model 4Intercept2.72 (.16)2.68 (.09)2.74 (.17)2.74 (.17)Level-1 (measurement occasion)Time (study day).001 (.002)-.001 (.002)-.001 (.002)S-.20(.16)-.20 (.12)-.21 (.13)^†^G-.01 (.24)-.07 (.19)-.07 (.20)T-.07 (.17)-.09 (13)-.10 (.13)TS-.11 (.16)-.13 (.12)-.14 (.13)S × time.01 (.004)^†^.01 (.003)\*.01 (.003)\*G × time.01 (.01).005 (.006).005 (.007)T × time.003 (.005).003 (.003).003 (.003)TS × Time.003 (.004).002 (.003).002 (.003)Intercept (σ^2^).37\*0.37\*.37\*Slope Intervention (σ^2^).01-2LL (*df*)2149.06~a~ (11)1689.32~b~ (12)1688.14~b~ (13)[^3]Figure 1Means and 95% confidence intervals of positive affect over the 7 days in the intervention blocks.

This effect was further probed using simple slopes analyses at three time points (for illustrative purposes): 10, 40, and 70 days into the study. The slopes of signature strength in predicting PA increased from B = -.1 at 10 days over B = .2 at 40 days to 0.5 at 70 days, suggesting that the effects of *Using Signature Strengths in A New Way* increased with time ([Figure 2](#fig0010){ref-type="fig"}). Comparing Model 3 to Model 4, the -2LL test suggested no significantly better fit of the random slopes model where the slopes of the intervention were allowed to vary between participants (Δ~-2LL~ = 1.18, df = 1*, n.s.*).Figure 2Interaction of Using Signature Strength in a New Way and time in predicting positive affect.

Negative affect {#sec0070}
---------------

Model 2 ([Table 4](#tbl0020){ref-type="table"}) found no significant effects of time, intervention or time\*intervention on NA. Although the -2LL test suggested a significantly better fit for the random intercepts model (Model 3), (Δ~-2LL~ = 407.09, df = 1*, p *\< .01), the pattern of results did not change. This suggests that participants differ with regard to their mean NA scores, but that these scores are not different between interventions. The -2LL test suggested a significantly better fit of the random slopes model (Model 4; Δ~-2LL~ = 22.72, df = 1*, p *\< .01). The residual variance of the slopes was significant as well, suggesting that there might be differences between participants in the effects of the interventions on NA.Table 4Fixed effects estimates (top) and random effects estimates (bottom) for PANAS negative affect score.Parameter Estimate (SE)ParameterModel 1Model 2Model 3Model 4Intercept1.34 (.09)1.31 (.15)1.38 (.10)1.38 (.09)Level-1 (measurement occasion)Time (study day).000 (.001).001 (.004)-.000 (.001)S-.06 (.11)-.07 (.08)-.07 (.09)G-.07 (.16).01 (.12).01 (.16)T.03 (.11).04 (.08).05 (.09)TS-.10 (.10)-.10 (.08)-.10 (.09)S × time.000 (.003)-.000 (.002).001 (.002)G × time.01 (.01).001 (.004).001 (.005)T × time-.002 (.002)-.003 (.002)-.003 (.002)TS × Time.002 (.003).001 (.002).001 (.002)Intercept (σ^2^).11\*.11\*.11\*Slope Intervention (σ^2^).02\*\*-2LL (*df*)1385.10~a~ (11)978.01~b~ (12)955.29~c~ (13)[^4]

Discussion {#sec0075}
==========

Since Seligman et al. published the results of a large-scale placebo-controlled internet study of the effect of five PPIs on happiness ([@bib0155]), there has been considerable interest in the possibility of increasing individual happiness through PPIs. However, to date, no study has focused on the effects of PPIs on the level of the individual, and this study was a first attempt. Previous studies have focused on mean change in happiness between groups, with most of the studies reporting smaller effect sizes than the original study (e.g., [@bib0095])

The purpose of the present study was to examine whether the -widely-used PPIs outlined by Seligman et al. ([@bib0155]) impact on subjective well-being (SWB) at the individual level. We examined changes in affect in a controlled n-of-1-design. Four PPIs ('signature strengths', 'three good things', 'gratitude visit' and a combined 'signature strengths and three good things' intervention) were completed by all participants in one of six counterbalanced orderings, allowing the examination of within-person changes that might be masked in a between-subjects design. As noted earlier, the conclusions drawn from between-group comparisons might not extend to individuals, as the aggregate treatment of individual data in between-group comparisons might mask individual changes following an intervention ([@bib0090]). Furthermore, examining individual change over time provides a stricter test of the effectiveness and potential clinical usefulness of the interventions.

One of the key aims of positive psychology is the development of interventions that improve individuals' subjective well-being, which makes the dearth of research into intra-individual changes following interventions both surprising and a serious limitation of research in the field. Our study is a first attempt at examining within-person effects of "happiness" interventions.

We found no overall change in any of the three affective indicators of SWB (positive affect scores, negative affect scores, and the affect balance score) over time although there was a small effect for Time on positive affect for participants who implemented the exercise of 'Using Signature Strengths In A New Way'.

Our study further suggests that the effects of PPIs on negative affect might differ considerably between participants, as evidenced by the significant random slopes variance of the intervention in predicting negative affect ([Table 4](#tbl0020){ref-type="table"}).

Lack of effects on subjective well-being {#sec0080}
----------------------------------------

Apart from the small interaction effect between the *Using Signature Strengths* intervention and Time, our study found none of the effects of the PPIs suggested by [@bib0155]. Specifically, the two interventions *Gratitude Visit* and *Three Good things* had no significant effects on positive affect, and all four interventions had no significant effects on negative affect or overall well-being as indicated by the affect balance score.

Apart from the obvious fact that our study used the PANAS, as opposed to the AHI, a further possible explanation why we found no effects of the PPIs on well-being may be due to differences between our sample and that of [@bib0155]. Whereas they used a relatively well-educated, financially comfortable, mildly depressed, motivated to become happier sample recruited through the university website, our sample was a non-depressed Australian community sample who responded to a newspaper advertisement. It is possible that a subject-expectancy effect might have contributed to the considerable effect sizes of the interventions in Seligman et al.'s research and to the lack of effect in our study.

A direct replication ([@bib0095]) of Seligman et al.'s (2005) research found that the PPIs increased happiness levels, albeit with much smaller effect sizes. Furthermore, in this study, the PPIs did not exceed the control condition in reducing depression levels. The results from our study, using a strict test of within-individual changes in affect, when considered together with previous replications ([@bib0095]), suggest that the PPI effects need further replication before conclusions can be drawn either about their general effectiveness, their support of basic tenets of positive psychology ([@bib0055]), or about their use in evidence-based practice. The significant residual variance in the slopes of the interventions in our study suggest that the PPIs might affect people differentially, which suggests more research into moderators.

Signature Strengths Intervention {#sec0085}
--------------------------------

[@bib0155] suggest that the *Using Signature Strengths in a New Way* exercise is effective because participants should, with practice, improve in their ability to effectively implement the exercise and will become more inclined to keep using the exercise. However, this describes nothing more than a positive feedback loop (i.e., the intervention keeps working because it already worked). Moreover, Seligman et al. provide this same 'explanation' for why the *Three Good Things in Life* exercise is effective in their original study, yet our study found no significant effects for the *Three Good Things in Life* exercise. As long as no clear theoretical framework identifying potential mediators of the effects (or lack thereof) of these interventions is provided, it is very difficult to speculate about the effective ingredients in the interventions ([@bib0085]).

Another possible explanation for the small but significant increase in positive affect of the *Using Signature Strengths in a New Way* intervention is that there exists great variety in how to implement it. According to the instructions, participants have the opportunity to choose from five signature strengths, and the specific implementation of the signature strength is left to the participants. This extent of freedom in implementing the exercise might itself have led to increases in well-being, as previous theory and research has suggested that being able to choose and implement paths of action is associated with increases in well-being ([@bib0060]).

Intervention delivery {#sec0090}
---------------------

Our study assigned participants to various tasks for 9-10 weeks, whereas Seligman et al. ([@bib0155]) relied on self-selected adherence to interventions over time. A meta-analysis of positive psychology interventions ([@bib0160]) showed that self-selected individuals benefited more from the interventions than individuals who were assigned a task. This suggests that interventions with a good person-activity fit might have more substantial effects on happiness ([@bib0065], [@bib0140]). However, if PPIs are to be implemented as evidence-based practice ([@bib0130], [@bib0150]) and recommended as self-help tools, their effectiveness should not rely on the self-selection of participants.

Limitations {#sec0095}
===========

A potential limitation of our study is the measure used. Seligman et al. used the Authentic Happiness Inventory and the CES-D ([@bib0120]) to measure happiness and depression. This study used the PANAS ([@bib0190]) to indicate the affective facet of subjective well-being. There is evidence for the validity of the PANAS as a measure of subjective well-being ([@bib0035]), negative affect has been related to lower levels of happiness ([@bib0110]), and the PANAS has often been used in studies requiring frequent repeated assessments of affect (e.g., [@bib0015]), but it is possible that using different measures, other results might have emerged. Due to their relative length and stability assumption, both the AHI and CES-D are not appropriate for daily use and therefore were not suitable for this study. Related to this limitation, even though the PANAS was phrased to examine daily well-being levels, there are substantial fluctuations of well-being over a day, which the design of our study could not capture.

It should also be noted that this study was not a randomized n-of-1 design but a counterbalanced design, although the assignment of subjects to counterbalanced sequence was random. While it is generally preferable to use a randomized ordering of interventions in an n-of-1 design ([@bib0165]) randomization in a small sample (*n* = 15) such as this study may bias results as interventions may not be equally represented amongst few participants.

Implications {#sec0100}
============

The lack of effects of widely used and recommended Positive Psychology Interventions on subjective well-being imply that the usefulness of these interventions in the clinical setting and their recommendation for self-help use is at least questionable. Although such interventions may produce between-group changes in well-being, this does not necessarily mean they produce clinically relevant intra-individual changes. In the light of recent debates on the effects of PPIs in large-scale interventions ([@bib0025], [@bib0030]) and the validity of some general claims of positive psychology ([@bib0020]), based on the findings of our study, these PPIs should not be recommended for use in evidence-based practice or as effective self-help tools.

[^1]: *Note.* B = Baseline/Control (PANAS assessment only), T = Three Good Things in Life, S = Using Signature Strengths in A New Way, G = Gratitude Visit, TS = Three Good Things in Life together with Using Signature Strengths in A New Way; M = male, F = female.

[^2]: *Note.* \*\* *p* \< .01, \* *p* \< .05, ^†^*p* \< .1; -2LL: -2 Log-likelihood. Values with different subscripts differ at *p* \< .01; T = Three Good Things in Life, S = Using Signature Strengths in A New Way, G = Gratitude Visit, TS = Three Good Things in Life together with Using Signature Strengths in A New Way.

[^3]: *Note.* \*\* *p* \< .01, \* *p* \< .05, ^†^*p* \< .1; -2LL: -2 Log-likelihood. Values with different subscripts differ at *p* \< .01; T = Three Good Things in Life, S = Using Signature Strengths in A New Way, G = Gratitude Visit, TS = Three Good Things in Life together with Using Signature Strengths in A New Way.

[^4]: *Note.* \*\* *p* \< .01, \* *p* \< .05, ^†^*p* \< .1; -2LL: -2 Log-likelihood. Values with different subscripts differ at *p* \< .01; T = Three Good Things in Life, S = Using Signature Strengths in A New Way, G = Gratitude Visit, TS = Three Good Things in Life together with Using Signature Strengths in A New Way.
